Butterfly Pea (Clitoria ternatea) flower is commonly used to treat various diseases and has long been part of the science of phytomedicines. Ultrasonic assisted extraction technique is a simple, cheap and efficient alternative to traditional extraction methods, producing a much smaller particle size than conventional spray drier. This study was aimed to evaluate the physicochemical and microbiological properties of microencapsulated butterfly pea flower (MEBP) powder prepared using ultrasonic spraying technique. The samples were microencapsulated with different amount of Gum Arabic (GA) (0, 2, 4, 6, 8 and 10%). Surface morphology of the MEBP powder was examined using SEM showed different molecular structures in different MEBP powder. FTIR analysis identified phenolic hydroxyl group (1061.69 cm -1 and 3385.36 cm -1 ), sulfite group (1062.01 cm -1 , 1065.92 cm -1 , 1077.15 cm -1 , 1234.72 cm -1 and 1261.74 cm -1 ) and amide group (1635.99 cm -1 , 1636.74 cm -1 , 1654.14 cm -1 and 3417.2 cm -1 ). 2,2-diphenyl-1 -picrylhydrazyl (DPPH), thiobarbituric acid (TBA), total phenolic content (TPC), total flavonoid content (TFC) found to be ranging from 35.85±0.57 to 130.85±3.00 mg GAE/g dried sample, 4.32±0.04 to 6.90±0.11 mg QE/g dried sample, respectively. It was found that Bacillus cereus was sensitive to MEBP powder as the results showed a prominent inhibition zone (5.67±0.6 mm to 11.67±2.3 mm). MEBP produced with GA 6% ultrasonic spray drier was found to be effective in sustaining its antioxidative activities and the microbial activities were found to be active. This result provided useful information data on the best technique to use ultrasonic spray dryer to retain antioxidant compounds.
Introduction
Butterfly Pea (Clitoria ternatea) flower is traditionally used to treat various ailments, have a vivid blue or white colour and are normally utilised as a natural food colorant in Southeast Asia due to its high stability in food (Sivarajan and Balachandran, 1994) . Butterfly Pea has fuelled scientific advances in recent years that may have an impact on modern agriculture, biotechnology and medicine (Nguyen et al., 2014) . Since time immemorial, these plant products have been part of phytomedicines that can be extracted from barks, leaves, bulbs, roots, fruits and seeds. Consumers are now interested in using natural pigments as opposed to artificial chemicals used in the food industry due to increased consumer health knowledge for a healthier diet (Montes et al., 2005) , and the emphasis has been on identifying and researching natural pigments from natural sources, also known as antioxidants in plants (Zainol et al., 2003) . Antioxidant compounds such as phenolic acids, polyphenols and flavonoids scavenge free radicals such as peroxide, hydroperoxide or lipid peroxyl and thus inhibit the mechanism of oxidation that leads to degenerative diseases (Prakash et al., 2012) . A study conducted by Sushma and colleagues (Sushma et al., 2015) found the antioxidant properties in a Butterfly Pea extract facilitated the creation of nanoparticles of magnesium oxide, materials increasingly used for biomedical applications Exploring an alternative preservation (drying) method is needed to shorten prοess time, decrease solvent consumption, increase extraction yield, and improve extract quality, as conventional solvent extraction methods require higher cost, longer eISSN: 2550-2166 © 2020 The Authors. Published by Rynnye Lyan Resources time but low efficiency. Its stability and properties with different amounts of microencapsulating agents after treatment with ultrasonic drying could be useful to the study of antioxidant stability.
According to Xia et al. (2014) , ultrasonic method is widely used in analytical procedures, particularly in sample preparation. Ultrasonic assisted extraction technique is a quick, cheap and effective alternative to conventional extraction methods. The big difference between traditional spray dryers is much smaller particle size using ultrasonic nozzle compared to the ultrasonic process. Ultrasonic spray drier sonic nozzle, with normal nozzles approximately 0.5 mm in size, can produce particles as small as 10 microns and smaller which could produce smaller particles and help to dry faster. The small particle sizes produced by ultrasonic nozzles make the best drying performance (Afoakwah et al., 2012) . Due to the larger particle size for conventional nozzles, the large surface area does not allow efficient drying of particles. Another important aspect of using ultrasonic atomizer nozzle is because of the smaller size for lower heat energy or temperature. Consequently, the objective of this study was to calculate the physicochemical properties of microencapsulated butterfly pea powder (MEBP) such as antioxidant activity, total phenolic content and total flavonoid content as affected by ultrasonic spray drying based on the amount of GA as a microencapsulation agent. The findings of this research are essential to the development of a better product in order to maintain the beneficial properties of antioxidant compounds.
Materials and methods

Raw materials and chemicals
The butterfly pea flower used in this study was obtained from Kuala Nerus, Terengganu. The petals were separated from their calixes and stored at -18°C. Food grade Gum Arabic (GA) from purchased from Sudan (Elixir, Sudan).
Sample preparation
Microencapsulation by ultrasonic spray drying
The butterfly pea flower (150 g) was homogenized in 1500 mL distilled water, filtered with 2 plies of muslin cloth and microencapsulated with GA at 0, 2, 4, 6, 8 and 10% concentration relative to solid content. Using an ultrasonic dryer, the emulsions were treated (YKNTECH, Kulim, Malaysia) equipped with a nozzle atomizer. The outlet temperature was set at 90°C and feed flow rate was kept at 8 mL min -1 . The microencapsulated Butterfly Pea (MEBP) powder was collected and stored in opaque, heat sealed PP plastic at 4°C prior to further analysis.
Moisture analysis of the MEBP powder
Moisture content in MEBP powder was measured using the method approved by AOAC International (2007).
Antioxidant activities analysis using 2,2-diphenyl-2picrylydrazyl (DPPH) radical scavenging activity assay
Antioxidant activity of MEBP powder was determined by the 2, 2-diphenyl-2-picrylydrazyl (DPPH) method of Zainol et al. (2018) with some modifications. MEBP powder was adjusted to 6 mg/mL by dissolving 18 mg sample in 3 mL methanol. An aliquot of 4.5 mL of 0.025% DPPH radical in methanol was added to a test tube with 3 mL sample, at 6 mg/mL. The reaction mixture was mixed using vortex and let to stand at room temperature in the dark for 5 mins. The absorbance at 517 nm was measured every 15 to 60 mins.
Antioxidant activities analysis using Thiobarbituric acid (TBA) test
The test was conducted according to the method of Kikuzaki and Nakatani (1993) . To 2.0 mL of the sample solution, 1.0 mL of 20% aqueous trichloroacetic acid (TCA) and 2.0 mL of 0.67% aqueous thiobarbituric acid (TBA) solution were added. The final sample concentration was 0.02% w/v. The mixture was placed in a boiling water bath for 10 mins. After cooling to 25°C
, it was then centrifuged at 3000 rpm for 20 mins. The absorbance of the supernatant was measured at 531 nm.
Determination of total phenolic compound
The total phenolic content of MEBP powder was evaluated using a method described by Kim et al. (2003) . The sample with a concentration of 1 mg/mL methanol was added to 4.5 mL of deionized distilled water and 0.5 mL of Folin-Ciocalteu's reagent was then added to the solution. After mixing the tubes, they were maintained at room temperature for 5 mins followed by the addition of 5 mL of 7% sodium carbonate and 2 mL of deionized distilled water and incubated for 90 mins at 23°C with intermittent shaking, and measured at 750 nm.
Determination of total flavonoid content
The flavonoid content of each MEBP powder was measured based on methods described by Ng et al. (2020) . Briefly, 50 mg /10 mL methanol of sample was mixed with 1.5 mL of methanol and then, 0.1 mL of 10% aluminum chloride was added, followed by 0.1 mL of potassium acetate and 2.8 mL of distilled water. The mixtures were incubated at room temperature for 30 mins, and measured at 415 nm. 
Antimicrobial effect of microencapsulated butterfly pea
The antimicrobial test was performed based on the method from Uma et al. (2009) with some modifications. The bacterial inoculums used in the test were Escherichia coli, Bacillus cereus, Staphylococcus auereus and Salmonella enterica serovar Typhi. The bacteria were prepared from overnight-grown cultures (24 hrs) in Nutrient Agar, and the turbidity was adjusted equivalent to 0.5 McFarland units (approximately 1.2 × 10 8 CFU mL -1 ). The MEBP powder was freshly reconstituted with saline water at a concentration of 2 mg/mL. The wells on the agar were made using the end of the pipette tip and molten MHA agar was put into the well prior pipetting the sample into the wells. The plates were incubated at 37°C for 24 hrs. The diameters of zone of inhibition surrounding the wells were recorded.
Surface morphology analysis
The spray-dried MEBP powder was examined using a Hitachi TM1000 operating under vacuum (ca.10−7 mbar) at 1 kV and 10 μA. The spray-dried MEBP powder was applied on the surface of sticker on a specimen holder. The sample was then coated with 99% pure gold using JFC 1600 Auto fine coater, before being analysed using Scanning electron microscope (SEM). The specimen was viewed using 90 times magnification to 250 times (Hau et al. 2018 ).
Identification of functional groups
The sampling technique used was transmission (4000-450 wavenumber), 64 scans modified from Durga Maha Lakshmi et al. (2014) . The sample and KBr (FTIR grade) were made into pallet in the ratio of 10 mg : 500mg using pallet maker.
Statistical analysis
All data were analyzed using one-way variance analysis (ANOVA) using SPSS (version 20) software. When P<0.05, the values were considered significantly different. Mean comparisons were made using the LSD Fisher and the data was presented as a mean ± standard deviation. Table 1 shows the moisture content of different GA levels of MEBP powder. Outlet air temperature and drying aid have helped to reduce the moisture content of MEBP powder to a lower level. The 8% GA ultrasonic spray has the lowest moisture content, while the 2% GA ultrasonic spray dryer of the aqueous extract sample has the highest moisture content. Amid et al. (2013) found that GA had the weakest water holding capacity among sodium alginate, kappa carrageenan, guar gum and pectin due to its high solubility and high concentration due to the presence of many hydroxyl groups and the nature of the molecular structure of its monosaccharides.
Results and discussion
Moisture content
Antioxidant activities using 2,2-diphenyl-2picrylydrazyl (DPPH) radical scavenging activity assay
Table 1 also shows that all MEBP powder samples were equally effective free radical inhibitors or scavengers, which react with free DPPH radicals and may limit free radical damage. This may be due to the incomplete dissolution of the sample in a solution that causes less antioxidant compounds to react with DPPH radicals. At the end of the incubation period, BHT and α -tocopherol showed 79.59% and 74.60% inhibition of DPPH, respectively. This evidence is consistent with the research carried out by Ghadermazi and co-workers who have saturated artificial antioxidants with better antioxidant properties than natural antioxidants (Ghadermazi et al., 2017) . MEBP powder sample encapsulated with 8% GA exhibited the best radical scavenging activity among all those which, due to the good condition or non-clotting state of the microencapsulated powder, were able to fully demonstrate its antioxidant capacity. Table 1 shows the direct measurement of carbonyl formed during the secondary stage of lipid peroxidation through the TBA method found that sample coated with 8% GA showed the best antioxidative activities. This may be because when the sample possessed strong antioxidant properties, the chances to achieve high amount of malonaldehyde at the later stage of lipid peroxidation is lower as the initial stage of lipid peroxidation has been thwarted by the antioxidant compounds. In addition, the antioxidant activity detected with the TBA method was lower than that detected using DppH method. The present study contrasts with the results of previous findings on Prunella vulgaris by Rasool et al. (2010) , where the antioxidant activity of TBA occurs. The amount of peroxide in the initial stage of lipid peroxidation may be suggested to be higher than in the secondary stage the amount of peroxide. Table 1 also reveals that all of the MEBP powder contained an appreciable amount of phenolic compounds. The 6% GA encapsulated sample showed the highest TPC (130.85±3.00 mg GAE / g dried sample) indicating that the powder produced may have a potential role as an antioxidant-rich ingredient in food or nutraceutical formulations. This may be due to the role of GA as protective agents to reduce heat treatment degradation of polyphenolic compounds. Besides that, the high amount of total phenolic is explained by Rabeta and An Nabil (2013) who mentioned that phenolic compounds are water-soluble natural antioxidants which normally an aromatic ring bearing one or more hydroxyl substituent. In a study conducted by Sadeghi et al. (2015) , a positive relationship between high antioxidant activity and phenolic content for different part of the plant was shown and this is why phenolic compounds are known as hydrophilic antioxidants.
FULL
Determination of total phenolic content
Determination of total flavonoid content
Table 1 also reveals that there was a significant amount of total flavonoid content (TFC) in all MEBP material. The range of total flavonoid content obtained was between 4.32±0.04 to 6.90±0.11 mg QE/g dried sample. Higher TFC was found in MEBP coated with 6% GA (p<0.05) whereas lower TFC was found in MEBP coated with 4% GA which displayed no significant (p>0.05) different. Overall, extracts with a high activity of radical scavenging also showed high flavonoid content, but good correlations between TPC and TFC could not be found. Keshani et al. (2015) and Saeed et al. (2012) reported that only flavonoids with a certain structure and particularly hydroxyl position in the molecule can act as proton donating and show radical scavenging activity. There has not yet been identified the recommended daily intake of anthocyanins, one of the potent flavonoids. However, a specific proposed level of 50 mg/day has currently been defined by China (Wallace and Giusti, 2015) . Figure 1 shows a distinct difference in SEM image of MEBP powder encapsulated with 2, 4, 6, 8 and 10% GA between the layer of the microencapsulated material.The 2% samples gave a rougher and dented surfaces as compared to sample encapsulated with 6% which exhibited very good homogenous morphology: spherical shaped, smooth-surfaced particles that varied slightly in size and were free of visible cracks and pores. According to Izydorczyk et al. (2005) , the result is that GA is a low viscosity gum and its solution exhibits Newtonian flow behavior even at high concentrations, so the microparticles at higher concentration will have better free-flow properties. The formation of these indentations on the surface of particles obtained by spray FULL PAPER Figure 1 . Differences between the surface of the microencapsulated particle in SEM image of MEBP powder encapsulated with 2, 4, 6, 8 and 10% GA. A= 2% GA; B: 4% GA ; C: 6% D: 8% and E: 10% GA.
Surface morphology analysis
drying is usually attributed to particle shrinkage due to the drastic loss of moisture followed by cooling (Tonon, 2010) . This study also showed that spray-dried microparticles were individual spheres and the results are in conformance with Santana et al. (2013) who encapsulate babassu coconut milk using spray dry technique as well. Table 2 depicts the MEBP powder complexity of infrared spectra in the FTIR spectroscopy 1450 to 600 cm -1 region which makes it difficult to assign all the absorption bands, and because of the unique patterns found there, it is often called the fingerprint region. The strong band observed at 1062.01 cm -1 , 1065.92 cm -1 , 1077.15 cm -1 , 1234.72 cm -1 and 1261.74 cm -1 were attributed to sulfite group. The band at 1635.99 cm -1 , 1636.74 cm -1 , 1654.14 cm -1 and 3417.2 cm -1 revealed the presence of C=N stretching of amide groups (Figure 2) . The peak at 1061.69 cm -1 and 3385.36 cm -1 confirmed the presence of alcohol and phenol groups. From IRspectrum, we can conclude that the MEBP extract from spray drying technique has aromatic structures contain phenolic hydroxyl groups, amide groups, and sulfite groups within its structure. The present results were in accordance to the analysis conducted by Maobe and Nyarango (2013) on Warburgia ugandensis which was extracted using hexane and dichloromethane, both the amides and alcohols functional group appeared at 1643.2 cm -1 and 3444.6 cm -1 , respectively.
Identification of functional groups
Antimicrobial effect of MEBP powder
The purpose of having GA as one of the experimental units was to confirm that the antibacterial activity solely comes from butterfly pea rather than from GA (Table 3) . It is interesting to note that only B.cereus was the most susceptible microorganism in the investigation against MEBP powder. The larger the zone, the more sensitive the bacterium is to the plant extract. In this case, sample coated with 4% and 6% GA showed no significant different (p>0.05) with the zone of inhibition 11.67±2.3 mm and 11.33±0.6mm, respectively. This may be caused by the suffice effectiveness of the phytochemicals present in MEBP powder when compare to sample with only 2% GA at the same processing temperature. The intensity of the activity detected in the present study may simply due to the poor diffusion of flavonoids through the medium and the dissimilar volume of sample extract in the well due to the varied thickness of the agar. Gram-positive bacteria B.cereus was susceptible to the antibacterial activity of plant extracts, which supported the finding that plant extracts are usually more active against Gram-positive bacteria than Gram-negative (Palombo and Semple, 2001) . According to Tortora et al. (2001) , susceptibility differences between Gram-positive and Gram-negative bacteria may be due to cell wall structural differences between these classes of bacteria. It has been suggested in previous research that the type of solvents such as chloroform, methanol and petroleum ether used to extract Butterfly Pea blue flowers will possess different efficacy against tested microorganisms. Therefore, no zone of inhibition was observed for E. coli, S. enterica serovar Typhi and S. aureus may be due to the unsuitability of the solvent extraction in addition to the strong resistant towards the antibacterial compound. Similar results were obtained by Uma et al. (2009) who stated that Butterfly Pea flowers exhibit comparatively high activity as compared with chloroform and aqueous extracts.
Conclusion
At higher percentage of GA, the yield production of MEBP showed a gradual increment as well as significant increase in lightness value (L*) and blue colour (b*). The moisture content of MEBP was also lower at higher GA. Morphology of particles was found to be circular in shape at lower GA and rougher surface at higher GA. FTIR analysis revealed the detected functional groups in Butterfly Pea flower as phenolic hydroxyl groups, amide groups, and sulfite groups. TPC of MEBP was found to FULL PAPER 
